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I. LSD Program Tasks — FY 1996 Objectives & Metrics

TASKBOOK INTRODUCTION FOR FY 1996

The NASA Life Sciences Division serves the Nation’s life sciences community by managing all aspects of U.S.
space-related life sciences research and technology development. The activities of the Division are integral
components of the Nation’s overall biological sciences and biomedical research efforts. However, NASA’s life
sciences activities are unique, in that space flight affords the opportunity to study and characterize basic biological
mechanisms in ways not possible on Earth. By utilizing access to space as a research tool, NASA advances
fundamental knowledge of the way in which weightlessness, radiation, and other aspects of the space flight
environment interact with biological processes. This knowledge is applied to procedures and technologies that
enable humans to live and work in and explore space and contributes to the health and well-being of people on Earth.

The Office of Life and Microgravity Sciences and Applications (OLMSA) is responsible for planning and executing
research stimulated by the Agency’s broad scientific goals. OLMSA’s Life Sciences Division is responsible for
guiding and focusing a comprehensive program of flight and ground-based tasks. This document, the Life Sciences
Program Tasks and Bibliography for Fiscal Year 1996 (October 1995-September 1996), includes all peer reviewed
projects funded by the Office of Life and Microgravity Sciences and Applications, Life Sciences Division, during that
year. This document is published annually and made available to scientists in the space life sciences field both as a
hard copy and as an interactive internet web page (http//www .hq.nasa.gov/office/olmsa/UL/codeul.html). The
information provided in the Task Book is used in reports to the NASA Associate Administrator, the Office of
Management and Budget, and to the United States Congress.

In this book, flight tasks are organized by flight mission/program while ground-based tasks are divided into thirteen
elements within four major scientific programs. The on-line version of this publication also offers the option of
searching all tasks by scientific program, element, and/or discipline. A complete listing of scientific programs and
elements, as well as flight missions/programs, is provided on pages I-4 and I-5.

It should also be noted that the FY 1996 funding amounts given in this publication for ground tasks represent funds
appropriated from the fiscal year 1996 NASA budget, and do not represent funding allocated from other fiscal year
budgets or other agencies. FY 1996 funding amounts for flight tasks were provided by the individual principal
investigators..

The Life Sciences Division wishes to thank Information Dynamics, Inc., and Universities Space Research
Association personnel at NASA Headquarters and in particular recognize John Nelson (task book review process and
publication manager), Bob Dunning, Elaine Makovska, Jennie Moehlmann, Lynne Powell, Keith Robertory, Lori
Tyahla, and Bill Wilcox for their efforts in the development, compilation, and publishing of this report. Gratitude is
also expressed to the following people who were responsible for coordinating flight task data delivery from
NASA field centers: Bonnie Dalton and Frances Acosta at ARC; Dr. Jerry Homick, Elisa Allen, Sharon
Jackson, and Bonnie Meadows at JSC; Dave Reed, Doug Gruendel, and Ray Wheeler at KSC.
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FY 1996 PROGRAM RESEARCH TASK SUMMARY:
Overview Information and Statistics

Total Number of Principal INvestiators: ... 283
Total Number of Tasks: .............ccoiiiiiiiininnn, — ....................................................................... 364
Total Number of Bibliographic Listings: ....... — .................................................................... 1711
Number of Students Funded: ......................... — ..................................................................... 1302
Number of States with Funded Research (incll;ing District of Columbia): ............................ 41
FY 1996 Life Sciences Budget: ....................... _ .................................................. $109.6 Million

(Ground-based research: $55.2 Million; Flight-based research: $54.4 Million)

Number of Tasks listed by Program and Element (210 Ground, 154 Flight):

Program Element Ground Flight Total
Tasks Tasks Tasks
Advanced Human Support| Advanced Environmental 14 2 16
Technologies Monitoring and Control
Advanced Life Support 14 1 15
Space Human Factors Engineerin 8 0 8
Total 36 3 39
Biomedical Research and | Behavior and Performance 7 7 14
Countermeasures
Environmental Health 7 6 13
Radiation Health 20 4 24
Space Physiology and 87 74 161
Countermeasures
Total 121 91 212
Gravitational Biology Cellular and Molecular Biology 17 14 31
and Ecology
Developmental Biology 5 33 38
Education 1 0 1
Plant Biology 19 13 32
Remote Sensing and Ecology i 0 1
Total 43 60 103
NSCORT 10 0 10
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Objectives & Metrics

Number of Flight Tasks listed by Flight Mission/Program:

| Flight Mission/Program

Number of Tasks

Bion 10
Biorack 8
Biospecimen Sharing 2
Cosmos 2229 1
Euro-Mir 10
LMS 13
NASA-Mir-1B 19
Neurolab 25
SLM-1A 25
SLS-2 1
Small Payloads 40

I-5



i
¥ .
”
~ .t

N v

' /4 -‘

' o

\

L
-sweiboid yoleasal paseq-punoif pue ybi|) pamainal /
-199d ui si0jebisaauy jediound papunj "SN €82

(9661 Ad) si0yebnsanu] jediduld
uoIsIAIQ SaJUBI0S 317 VSVYN




II. LSD Program Tasks — FY 1996

Research Programs

II.

Life Sciences
Program Tasks for FY 1996

Flight Research

Bion .o 1
Biorack ... 23
Biospecimen Sharing ......................oo 42
Cosmos 2229 ..o 47
Euro-Mir......ooo 49
LM 72
NASA-MIr-1B ... 103
Neurolab ..... ... 147
SLM-1A (SpacelabMir) ............cooooiiiiiai 206
S S 258
Small Payloads ..................c.cooi 260

Ground-based Research

Advanced Human Support Technologies:

Advanced Environmental Monitoring and Control ...............359
Advanced Life Support ..o 388
Space Human Factors Engineering................................. 419
Biomedical Research and Countermeasures:

Behavior and Performance .............................. 439
Environmental Health .............................................. 456
Radiation Health ................................................. 471
Space Physiology & Countermeasures ........................... 523
Gravitational Biology and Ecology:

Cellular and Molecular Biology...................ooooovei i 765
Developmental Biology .........................cocoi 807
Education...............o.o 821
Plant Biology .........c.cooooiiiii 823
Remote Sensing and Ecology .....................cooooi . 869

NSCORT ... 872
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Program: Bion

Adaptive Response of Slow and Fast Skeletal Muscle in the Monkey to Spaceflight

Principal Investigator:

Sue C. Bodine, Ph.D. Phone: 914-345-7755
previously associated with the Congressional District: -
University of California, San Diego - School of

Medicine

Co-Investigators:
No Co-Is Assigned to this Task

Funding:
Project Identification: 106-30-45 Solicitation: NRA 838-OSSA-8
Initial Funding Date: 4/91 Expiration: 6/96
FY 1996 Funding: $45,700 Students Funded Under Research:

Flight Information:
Flight Assignment: Bion 11, 9/96
Responsible NASA Center: ARC

Task Description:

No additional information was supplied by the principal investigator.
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Velocity Storage In Space.: Adaptation of Optokinetic Nystagmus and After-Nystagmus to Microgravity

Principal Investigator:

Bernard Cohen, M.D. Phone: (212)241-7068

Department of Neurology Fax:  (212)831-1610

Box 1135 E-mail: bcohen@smtplink.mssm.edu
Mount Sinai School of Medicine, New York Congressional District: NY - 14

One Gustave L. Levy Place
New York, NY 10029

Co-Investigators:

Theodore Raphan, Ph.D.; CUNY, Brooklyn College
Mingjia Dai, Ph.D.; Mt. Sinai School of Medicine
Sergei Yakushin, Ph.D.; Mt. Sinai School of Medicine

Funding:
Project Identification: Solicitation:
Initial Funding Date: 9/88 Expiration: 12/96
FY 1996 Funding: $ Students Funded Under Research: 2

Flight Information:
Flight Assignment: Bion
Responsible NASA Center: ARC

Task Description:

In space, the otoliths constantly sense only a fraction of gravitational force and momentarily receive only small
amplitude linear accelerations during head translations. Thus, it might be expected that otolith-ocular reflexes
that are mediated by the linear vestibulo-ocular reflex (IVOR), such as ocular counter-rolling (OCR) and ocular
vergence that orient the eyes to gravity, would be depressed after adaptation to microgravity. In accord with this,
the amplitude of two otolith-ocular reflexes, OCR and ocular vergence, were reduced for 11 days after the
COSMOS 2229 space tlight in two flight monkeys. There also tended to be a reversal in the up-down
asymmetry of vertical nystagmus and a shift of the spatial orientation axis of velocity storage, known as the
yaw axis eigenvector, toward the body axis. Thus, otolith-ocular reflexes that orient the eyes to gravito-inertial
acceleration (GIA) were changed over relatively long periods of time after reentry. Changes in the orientation of
velocity storage and in the up-down asymmetry also occurred after space flight, but were of shorter duration,
lasting only several days after recovery.

However, steady state horizontal eye velocity, induced by yaw axis off-vertical axis rotation (OVAR), was not
different before and after space flight, nor was there a change in the phase of the torsional component of the
OVAR response. Vertical and horizontal ocular compensatory responses produced by the angular vestibulo-
ocular reflex (aVOR) were also unaffected. The latter indicates that the brain was able to respond to linear
acceleration sensed by the otoliths to generate an eye velocity signal from velocity storage correctly after space
flight, and that rapid compensatory movements from the aVOR were unaltered. The Russians have previously
shown that the aVOR is altered during active head and eye movements in space. Presumably, the difference in
results represents a difference between the voluntary and passively-induced aVOR.

The purpose of this research is to study how spatial orientation of the linear and angular vestibulo-ocular retlexes
(IVOR and aVOR) of monkeys are altered by space flight. We will use eye movements produced by or
dependent on the otolith organs and the semicircular canals as the measures of this orientation. We will also
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investigate effects of GIA on the aVOR, through a study of velocity storage. Changes in the aVOR during
active gaze shifts that involve head and eye movements will be recorded in space by the Russians and compared
to the aVOR recorded during passive rotation on earth by US scientists. Finally, we will use binocular
three-dimensional recordings in our ground-based recordings to enhance our understanding of how eye movements
are affected by changes in the GIA before and after space flight.

We postulate that otolith-induced or -dependent eye orienting responses that tend to align the eyes to GIA, will
either be reduced after space flight, as for OCR and vergence, or as for velocity storage, will be shifted to align
with a body axis. Semicircular canal-dependent compensatory responses, on the other hand, will be largely
unaffected. Active gaze shifts that involve head movements in space will be altered, but there will be no
changes in the passive aVOR recorded on Earth.

Our hypotheses include the following:
A. Otolith ocular reflexes induced through the IVOR, such as OCR, the horizontal and vertical IVOR, and ocular
vergence, will be reduced for 5-7 days after space flight.

B. The orientation of the yaw axis eigenvector of velocity storage in the vestibulo-ocular reflex (VOR) will shift
from a gravitational to a body yaw axis as a result of adaptation to microgravity. This will be apparent when
animals are tested on Recovery Day 0 and will quickly recover.

C. The passive aVOR will be unaffected by space flight, although the active aVOR, manifest during lateral gaze
shifts in space, will show changes.

D. Listing's Plane will be unaffected by adaptation to space, but there will be disconjugate vertical and torsional
eye movements after space flight.

Acomplishments during FY96 include:

1. UPGRADE OF 3 AXIS ROTATOR: We upgraded the primate axis drive motor on our 4 axis COSMOS
rotator so that it could provide smooth, controlled acceleration during velocity steps and could deliver sinusoidal
linear acceleration. This work was done in anticipation of participating in the 1996 BION Mission.
Subsequently, our Vestibular/Oculomotor Experiment was removed from the Manifest of the 1996 BION
Mission. If there is a repeat BION flight in which we can record eye movements of monkeys before and after
flight, the rotator will be ready for this contingency.

2. EVALUATION OF TECHNIQUE FOR IMPLANTING THREE-DIMENSIONAL EYE COILS: The failure
rate of scleral search coils in the 1992-1993 COSMOS Mission was about 50%. We reevaluated our surgical
procedures and the techniques for making eye coils. In five monkeys, we determined that the horizontal and roll
coils had been in place without revision since they were implanted in 1993 and 1994. This was almost two
years for three of the animals and one year for the other two animals. Subsequently, seven additional operations
have been done on monkeys utilizing both frontal plane and torsional eye coils. There was a zero rate of failure.
It appears that the eye coil wires were over-tightened when they were wound to make twisted pairs, and that this
accounted for the high failure rate in the COSMOS 2229 Mission. Regardless, the problem of long-term
implantation has been solved satisfactorily for any subsequent usage.

3. BASELI ECTION N ION AN VER E ASSOCIATED
WITH OVAR: We did baseline data collection in monkeys implanted with eye coils that record eye position in
three dimensions. The purpose was to study changes in eye velocity and in the axis of eye orientation during
steps of linear acceleration utilizing binocular recordings of horizontal, vertical, and torsional eye position. New
software was written to collect and analyze six channels of eye position data (horizontal, vertical, and roll for
both eyes). We also updated equipment to prepare for the flight. Specifically, eye coil recordings of horizontal,
vertical and roll eye position were done for each eye. This permits analysis of the signals from both eyes during
testing.
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4, Analysis of COMQS 2229 data: We published the following results from the 1992-1993 COSMOS 2229
Mission:

A. OCR was decreased by 70% after space flight in both static and dynamic tests of otolith-ocular reflexes. The
reduction in OCR lasted for 11 days, the period of post-flight testing. This was the first time that it had been
demonstrated that there is a clear and long lasting effect of space flight on otolith-ocular reflexes. (Dai, M.,
McGarvie, L., Kozlovskaya, 1., Raphan, T. and Cohen, B. Effects of spaceflight on ocular counterrolling and the
spatial orientation of the vestibular system. Exp. Brain Res. 102: 45-56, 1994).

B. The orientation axis of velocity storage changed from a gravitational reference before flight toward a body
reference after flight (Ibid). This is consistent with our results in the COSMOS 2044 flight (Cohen, B.,
Kozlovskaya, 1., Raphan, T., Solomon, D., Helwig, D.. Cohen, N., Sirota, M., and Yakushin, S. The
vestibulo-ocular reflex (VOR) of rhesus monkeys after spaceflight in the COSMOS biosatellite 2044. J. Appl.
Physiol., 1992), and it supports the hypothesis that there is a change in spatial orientation from a gravitational
to a body frame of reference in space.

C. In control testing using off-vertical axis rotation, it was shown that there is a modulation in vergence that
accompanies the change in gravito-inertial acceleration along the naso-occipital axis (Dai et al. 1996). That is,
because of gravity, the eyes converge when the head is up, and diverge when the head is down. This is the first
report of an effect of linear acceleration on ocular vergence during OVAR in the monkey. Previous reports were
by Tomko and Paige during linear acceleration using a sled. I t provides a new, robust, and relatively simple
technique for testing otolith-ocular function at various levels of gravitational acceleration.

5. Vergence associated with linear acceleration during OVAR was greatly attenuated after the 2229 Mission for a
prolonged period after flight (>11 days) (Dai et al. 1996). This finding has implications for visual function in
space, since vergence during forward translational movements would be absent or attentuated in space.

6. NASA support was critical for holding a Conference on New Directions in Vestibular Research at the
Rockefeller University in New York City in June 1995. A volume was published from this Conference in the
Annals of the New York Academy of Sciences, (Volume 781).

The proposed research will determine how otolith-ocular reflexes are altered after adaptation to space. In
particular, we will show how OCR, ocular vergence, and spatial orientation of the aVOR are altered after
adaptation to microgravity. This information, obtained from monkeys whose oculomotor and vestibular
systems are similar to those of humans, will be used to understand deficits in gaze and posture that occur when
astronauts adapt to microgravity and then readapt to the 1-G terrestrial environment of Earth. The information
will also be used to direct countermeasures to overcome lags in adaptation or changes in gaze and balance due to
the abnormal force field environment of microgravity. Such information and countermeasures will be critical
when long-duration space flights are planned to the Moon or to other planets.

Basic information is being developed in this proposal. A major advance will be a three-dimensional model of
the VOR which will include both angular and linear acceleration inputs, and which will account for dynamic
changes that alter the orientation of the system vectors to those of gravito-inertial acceleration. In addition, the
proposed experiments will provide fundamental understanding of how processing of otolith information and
spatial orientation are altered in the absence of gravity.

A basic assumption of the research is that findings obtained during and after space flight can be explained as
parameter changes in processes by which the nervous system controls gaze and posture. Therefore, findings
from space research can readily be applied to human disorders on Earth. Specifically, we hope to gain
understanding of how spatial orientation is disrupted in conditions in which there is postural imbalance or gaze
instability. A simple example of the former is postural imbalance of the elderly. We anticipate that
information gained from changes after adaptation to prolonged weightiessness will help us understand the
imbalance of the elderly.
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New technology will be utilized in the three-dimensional analysis of eye movements. This technology will be
applied to the recording and analysis of eye movements in three-dimensions by video techniques in humans. It
has large potential clinical significance.

A complete model of the VOR would be extremely useful and could be applied to understanding processing in
the vestibular system for experiments in animals, and for understanding effects of lesion in the vestibular system
and cerebellum in humans.

The neural coding used by the nervous system in establishing spatial orientation of the VOR is not known. The
work in this project will provide basic information about how the parameters of the system change with regard
to the body when gravitational force is absent. This will help establish how gravity and GIA are coded in the
nervous system and how they are expressed through the VOR. A number of fundamental behavioral and
modelling papers have already come from this work. By utilizing data from the BION project, we anticipate that
additional insights as to how the GIA is coded will become apparent.

FY96 Publications, Presentations, and Other Accomplishments:

Arai, M., Dai, M., Raphan, T., and Cohen, B. (abstract) Full-field optokinetic nystagmus induced in whole
body tilt positions. Vestibular Res., 6:4S:, S18 (1996).

Cohen, B. (abstract) Spatial orientation of the angular vestibulo-ocular reflex (aVOR): velocity storage of
monkeys and humans. Vestibular Res., 6:4S, S67 (1996).

Cohen, B. (abstract) The functional significance of the spatial orientation of optokinetic nystagmus and
centrifugation. Vestibular Res., 6:4S, S51 (1996).

Cohen, B. Abstract. 19th Meeting of the Barany Society, Sydney, Australia, August 11-14, 1996.

Dai, M., Raphan, T., Kozlovskaya, 1., and Cohen, B. "Vestibular Adaptation to Space in Monkeys” in
“Otolaryngology, Head and Neck Surgery." Edited by: Honrubia, V. (in press).

Dai, M., Raphan, T., Kozlovskaya, I., and Cohen, B. (abstract) Modulation of ocular vergence by off-vertical
yaw axis rotation in monkeys: normal characteristics and effects of space flight. Vestibular Res., 6:4S, S65
(1996).

Dai, M., Raphan, T., Kozlovskaya, 1.B., and Cohen, B. Modulation of vergence by off-vertical yaw axis
rotation in the monkey: Normal characteristics and effects of space flight. Exp. Brain Res., 111, 21-29 (1996).

Highstein, S.M., Cohen, B., and Biittner-Ennever, J.A. New directions in vestibular research." Annals of the
New York Academy of Science, vol. 781, 1996.

Raphan, T. and Cohen, B. "How the VOR works: Spatial orientation of the vestibulo-ocular reflex in monkey
and man” in “Handbook of Clinical Neuro-Otology.” Edited by: Baloh, R.W. and Halmagyi, G.M. Oxford
University Press, vol. 1, pp 20-47, 1996.
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Functional Neuromuscular Adaptation to Spaceflight

Principal Investigator:

V. R. Edgerton Phone: (310) 825-1910
Department of Kinesiology Fax: (310) 206-9184

1804 Life Sciences E-mail: vre@ucla.edu
University of California, Los Angeles Congressional District: CA - 29
405 Hilgard Avenue

Los Angeles, CA 90024-1527

Co-Investigators:

Sue Bodine-Fowler; University of California, San Diego - School of Medicine
Dr. Roland Roy; University of California, Los Angeles

Dr. Richard Grindeland; NASA Ames Research Center

Dr. John Hodgson; University of California, Los Angeles

Funding:
Project Identification: Solicitation: NRA 88-OSSA-8
Initial Funding Date: 1/95 Expiration: 12/95
FY 1996 Funding: $ Students Funded Under Research: 17

Flight Information:

Flight Assignment: Bion 11, 9/96
Responsible NASA Center: ARC

Task Description:

All of the data from Bion 11 has now been collected. Sensors for EMG and tendon force performed extremely
well, providing useful data well beyond their specified life. All of the planned biopsies were taken and are
currently being analyzed.

Treadmill locomotion tests have provided the first recordings of the force of an individual muscle in a walking
monkey both before and after space flight. Preliminary comparisons with recordings after flight suggest that the
soleus muscle EMG activity of both monkeys during locomotion is reduced after space flight, consistent with
our findings of reduced soleus activity in the foot lever task after Bion 9 and 10. Review of flight and pre-flight
capsule test data from both animals indicates high-quality recordings throughout the capsule testing.

The primary objective during this period was to participate in final joint bioengineering tests and in pre-flight
activities in preparation for flight. This included collection of all pre-flight data, evaluation of sensor status
immediately prior to flight, and participation in the selection of flight animals.

A total of 6 Rhesus monkeys were implanted with EMG electrodes and a tendon force transducers to facilitate
final Joint Bioengineering Tests JBET) of the flight hardware and to provide pilot data to use during development
and testing of data analysis procedures.

Twelve flight candidates were trained and implanted. Due to time constraints and some undesireable interactions
between training protocols for the different tasks required of the flight monkeys, behavioral training and testing
was limited to quadrupedal treadmill locomotion with some evaluation of natural postures adopted between
walking sessions on the treadmill. Recordings were made at treadmill speeds of 1, 2, 3, and 4 MPH. All of the
monkeys walked easily over this range of speeds, and no evidence of distress was observed when monkeys were
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on the treadmill. Locomotion data were recorded via telemetry link onto an analog tape recorder and later
digitized and analyzed by computer.

EMG and force transducer data were recorded continuously from the monkeys during several 24-hour periods of
the normal daily routine. The telemetered data were recorded directly onto a digital computer. Software has been
developed in LabVIEW to create hourly amplitude histograms which are then transferred to spreadsheet templates
for graphing and calculation of integrated EMG activity.

Recordings were also made during the foot lever testing. These data have been evaluated but not analyzed.
Signal quality appears to be excellent, and we envisage no problems with analysis of these pre-flight data.

The animals selected for flight had a full complement of sensors applicable to this project, and review of the
flight data indicated that excellent quality data were recorded from all sensors in both flight animals. Pos-tflight
testing of flight and control animals was completed in early 1997, and our task for the remainder of the year will
be to complete analysis of the data collected and perform, some early activities such as additional bioengineering
tests for BION 12.

Analysis of pre- and post-flight locomotion data shows that soleus EMG activity was reduced and medial
gastrocnemius activity (force and EMG) increased following the 14-day space flight. Subsequent recordings in
one animal provided similar observation for one week following the flight, after which EMG activity levels
returned to pre-flight control levels. Similar observations but with much smaller changes in magnitude were
made in control animals which were restrained for a 14-day period at 1-G.

These data strengthen our previous findings that there appears to be some reorganization of motor control in
response to microgravity such that the relative activation of slow extensor muscles becomes lower when
compared to fast extensors.

This project addresses problems related to neuromuscular diseases as well as the problem of muscle atrophy as
occurs in response to space flight. Further, these studies contribute to our understanding of the control of
movement in the unique space flight environment and has considerable bearing on the control of movement,
such as standing and maintaining upright posture in the aging population. The proposed research should give us
a considerably clearer understanding of the physiological signals which may contribute to the maintenance of
muscle mass. For example, the activity levels in muscles of the legs will be monitored during normal activities
at normal gravitational loading as well as in the microgravity environment. These data should indicate the
importance of activity in maintaining normal mass and functional properties of flexor and extensor muscles. The
role of activity of specific muscles in maintaining normal levels of control of movement also will be
determined. One of the major advantages of the proposed experiments in efforts to understand basic biological
processes is that the normal neuromuscular system will be studied in an abnormal physiological environment,
i.e., the altered function is caused by an altered environment, not an altered capability of the physiological
system being studied as would be the case with surgical or pharmacological manipulation.

Each phase of these experiments has important implications on the optimization of rehabilitative care in
addressing problems related to neuromuscular dysfunction as well as some aspects of hormonal function. These
results could have a fundamental and large impact on currently excepted approaches to the rehabilitation of a
number of medical conditions in which a person remains in bed for prolonged periods, in individuals with
compromised neuromuscular systems, and in the aging population.
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Effect of Weightlessness on Single Muscle Fiber Function in Rhesus Monkeys

Principal Investigator:

Robert H. Fitts, Ph.D. Phone: (414) 288-7354
Department of Biology Fax:  (414)288-7357
Marquette University E-mail: fittsr@vms.csd.mu.edu

Wehr Life Sciences Building

P.O. Box 1881

Milwaukee, WI 53201-1881
Co-Investigators:

No Co-Is Assigned to this Task

Congressional District: WI- 5

Funding:
Project Identification: Solicitation: NRA 88-OSSA-8
Initial Funding Date: 2/95 Expiration: 1/96
FY 1996 Funding: $ 120,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Bion 11, 9/96
Responsible NASA Center: ARC

Task Description:

Our long-term objectives are to understand the cellular mechanisms of muscle contraction and to determine how
zero gravity (G) affects muscle function and the physical work capacity. Although it is well known that zero-G
induces considerable limb muscle atrophy, little is known about how weightlessness alters cell function. In this
proposal, we will utilize the single skinned fiber and single freeze-dried fiber preparations to evaluate how
weightlessness alters the functional properties of single fast and slow striated muscle fibers. Muscle biopsies
will be obtained from the soleus and gastrocnemius muscles of the Rhesus monkey before and as soon as
possible after the zero-G flight (Bion). The biopsies will be divided, and one-half will be quick frozen in liquid
nitrogen and the other placed in skinning solution (-20° C). The frozen samples will be freeze-dried and stored
under vacuum (-80" C) for subsequent biochemical analysis, while the skinned fiber bundle will be used to study
the physiological properties of individual fast- and slow-twitch fibers.

Physiological studies will test the hypothesis that zero-G causes fiber atrophy, a decreased peak force (Newtons),
tension (Newtons/cross-sectional area) and power, an elevated peak rate of tension development (dp/dt), and an
increased maximal shortening velocity (V) in the slow type I fiber, while changes in the fast-twitch fiber will
be restricted to atrophy and a reduced peak force. For each fiber, we will determine the peak force (P,), V,, dp/dt,
the force-velocity relationship, peak power, the power-force relationship, the force-pCa relationship, and fiber
stiffness.

Biochemical studies will assess the effects of weightlessness on the enzyme and substrate profile of the fast- and
slow-twitch fibers. We predict that zero-G will increase resting muscle glycogen and glycolytic metabolism in
the slow fiber type, while the fast-twitch fiber enzyme profile will be unaltered. The increased muscle glycogen
will in part result from an elevated hexokinase and glycogen synthase. The enzymes selected for study represent
markers for mitochondrial function (citrate synthase and b-hydroxyacyl-CoA dehydrogenase), glycolysis
(Phosphofructokinase and lactate dehydrogenase), and fatty acid transport (Carnitine acetyl transferase). The
substrates analyzed will include glycogen, lactate, adenosine triphosphate, and phosphocreatine.
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Following each of the physiological and biochemical studies described above, a section of the fiber will be
loaded on a 5% SDS-PAGE gel to assess the myosin heavy change isozyme profile. This analysis will allow us
to group the studied fibers as slow- or fast-twitch, and determine if space flight had any effect on the type of
myosin expressed in a given fiber type. In order to evaluate the myosin light chain and regulatory proteins, we
will also conduct 12% SDS-PAGE analysis on single fibers isolated from each biopsy sample.

In the past year, we spent the majority of our time conducting a pre-flight analysis of the functional properties
of individual muscle fibers isolated from the gastrocnemius and soleus muscles of the 12 flight candidates. After
obtaining the biopsy, we divided the sample such that one part was quick frozen in liquid nitrogen and
freeze-dried at -40°C, and the other was placed in cold (4°C) skinning solution. Following a 24-hr soak, the
solution was exchanged for fresh skinning, and the sample was stored until used at -20 °C. The freeze-dried
samples were stored under vacuum (-80°C). These samples will be used to isolate individual slow- and
fast-twitch fibers for biochemical analysis. However, these substrate and enzyme analyses will not be carried out
until post-flight so that both the pre- and post-flight samples can be studied under the exact assay conditions.
The physiological studies of the pre-flight samples have been completed, and these results are described below.

Physiological Studies. On an experimental day, single fibers were isolated from either the soleus or
gastrocnemius and suspended between an isometric force transducer and a position detector. After equilibration at
15°C in relaxing solution, the fiber was set to its optimal length, and a Polaroid picture was taken at 800X
magnification while the fiber was briefly suspended in air. From this micrograph fiber, diameter was measured,
and fiber cross-sectional area was calculated. For each fiber, we then determined peak force, maximal shortening
velocity (determined by the slack test), force-velocity relationship, force power relationship, fiber stiffness, and
the pCa- force relationship. As expected, the fast fiber types showed significantly higher maximal shortening
velocities and peak powers compared to the slow-twitch fibers. Interestingly, the diameter of the slow type I
fiber of the gastrocnemius was significantly smaller than the other fiber types. Our hypothesis is that this
relative atrophy is a result of the monkeys spending prolonged periods of time in a squatting position. This
posture would tend to unload the gastrocnemius and reduce the reflex activation of the slow fiber type. In the
next contract year, similar studies will be conducted on the flight and growth control monkeys, and the results
will be compared to these data to determine the effects of weightlessness on the functional properties of fast and
slow limb skeletal muscle fibers. Following each experiment, fiber type was determined by 5% SDS gel
analysis of the myosin heavy chain. 12% SDS gels were also run for each fiber so that changes in the myosin
light chain and/or regulatory proteins could be determined.

A major goal of this research is to elucidate the functional changes associated with zero G-induced muscle
wasting and to use this information in the development of effective exercise countermeasures. The program is
essential to our ability to explore the universe and work successfully in space. Stated another way, we simply
can not embark on long-term space travel until we can understand and prevent muscle wasting. Similar types of
muscle atrophy occur on Earth in various muscle diseases and during the normal aging process. This work will
provide an increased understanding of basic muscle function, and how it is deleteriously altered with inactivity.
Furthermore, it will provide the basic knowledge needed for the development of new exercise protocols and
strategies that should be more effective than current procedures in slowing the atrophy process associated with
the aging process. Since one of the main problems encountered by older adults is weakness which leads to
debilitating falls, these modalities will improve the quality of life and lead to considerable savings in medical
costs.
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Homeostatic and Circadian Responses of Rhesus Monkeys During Space Flight
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Flight Assignment: Bion 11, 9/96
Responsible NASA Center: ARC

Task Description:

Mammals have developed the ability to adapt to most variations encountered in their everyday environment.
However, throughout the evolution of life on Earth, living organisms have been exposed to the influence of
both the unvarying level of Earth's gravity and the natural 24-hour day resulting from the rotation of the planet.
As a result, changes in either or both of these factors produce adaptive responses which are not completely
understood. In particular, homeostatic systems such as sleep, temperature regulation, and biological rhythms are
influenced. The adaptations that occur in these systems appear to produce deleterious resuits in individuals
exposed to long-term temporal isolation or altered gravitational environments. This program will examine the
influence of microgravity on these systems in rhesus monkeys. Further, the homeostatic regulation of these
variables as influenced by light and dark will be studied during space flight. The results should provide data on
the adaptation of these systems to this environment, as well as information for supporting crew operations in
microgravity.

The Bion 11 flight scheduled for mid-summer 1996 was slipped to late December. Pre-flight preparations were
also moved to accommodate that schedule. These have included our participation in meetings and discussions
concerning flight and ground-based experimentation, generation of supporting documents, and development of
Sensors.

During an Investigator Working Group Meeting in Paris, agreements were reached on several fronts between
investigators on the Regulatory Team. We further refined the Discipline EMPs for Thermoregulation, Circadian
Rhythms, Metabolism, and Sleep. In addition, we viewed a demonstration of metabolism hardware and software
proposed for the ground-based control studies.

Numerous formal and informal meetings were held at Ames Research Center to serve the purpose of moving
preparations forward for flight and ground-control studies, including equipment verification tests.

The Bion Program was again reviewed, this time by a “Blue Ribbon’ Panel. We presented the Regulatory Team
science objectives and integration plan to the Bion Program Review Panel.
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We continued to actively participate in the writing and editing the Experiment Management Plan (EMP),
including the three Regulatory Discipline EMPs (Thermoregulation, Circadian Rhythms, Metabolism and Sleep)
and the Integrated EMP (IEMP) with our French and Russian colleagues. In addition, we developed and presented
the Regulatory Team science objectives to the Bion Program Review Panel.

We have continued evaluation of the design and location of the deep body temperature sensor location and probe
design. To date, these studies have been performed at Ames Research Center.

We completed our analysis of the melatonin, body temperature, and heart rate data from the Adult Rhesus
Restraint Test conducted at Ames Research Center. As expected, melatonin content of the urine was highest
during the first collection of the day and during the night and relatively low during the day. There were no
significant differences between vivarium and restrained animals, nor were there any differences between pre- and
restraint-time periods. Urinary volume was highest during the first collection of the day, as had been seen in
other studies. There were no significant differences between vivarium and restrained animals, nor were there any
differences between pre and restraint time periods. Body temperature rhythms showed the normal diurnal pattern
usual for this species. The rhythms maintained a normal phase relationship with the light-dark cycle and did not
show any consistent alterations over the period of restraint. The heart rate rhythm also had a normal, diurnal
pattern throughout the experiment.

The study of Physiology and Behavior is frequently divided into the examination of specific control systems.
Similarly, in the control of such systems, it is also vital to recognize that these systems are integrated and
function together interdependently. Thus, to fully understand a function such as temperature regulation, one
must view control of temperature regulation at various levels. For example, temperature regulation is known to
interact with a variety of other systems, including: 1) sleep; 2) respiration; 3) endocrine; and 4) cardiovascular.
Moreover, there is a prominent temporal component; i.e., a circadian temperature rhythm. Physiological
regulation as well as behavioral performance capacity can be severely impaired when temporal information
within the organism is not sufficient to maintain internal synchrony between and/or within physiological
control systems. During desynchronization, psychotic states may be induced and performance capabilities of
simple tasks may diminish in rhesus and humans. These pathologies may arise not only in environments
without time cues, such as constant light (or constant dim light found in many of today's intensive care units),
but also with shifts in time zones, shift work and in aging individuals where internal temporal coupling appears
weakened. Narcolepsy is a class of diseases in which daytime sleep attacks or Rapid Eye Movement (REM)
sleep onset can occur. Some of these individuals display a loss of circadian patterns of REM sleep distribution.
Further, when the individuals are tested for sleep latencies throughout the 24-hour day, there is often lack of
circadian variation in the sleep latency as compared with the normal subjects. Other instances have been studied
in which individuals cannot synchronize themselves with their environment and maintain a 24-hour day, but
rather free-run with a circadian 25-hour day. Phase relationships between sleep and body temperature cycles may
play a key role in the oscillations between mania and depression in manic-depressives. An additional syndrome
with links to altered circadian function is winter depression. The remission of the depression is simultaneous
